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(54) PROCESS FOR THE PREPARATION OF PEMTAFLUOROETHANE, FLUORINATION 
CATALYSTS AND PROCESS FOR THE PREPARATION THEREOF 



(57) A method of preparing pentafluoroethane 
wherein chlorine-containing carbon compounds are 
fluorinated in the presence of chromium catalysts that 
are in an amorphous state and wherein the main com- 
ponent is chromium compounds with the addition of at 
least one metal element selected from the group com- 
posed of indium, gallium, cobalt, nickel, zinc and alumi- 
num and the average valence of the chromium in said 
chromium compounds is not less than +3.5 but not more 
than +5.0. And said chromium catalysts and a prepara- 
tion method thereof. 

A method of preparing pentafluoroethane wherein 
the total yield of chlorof luoroethane by-products can be 
decreased without significantly deteriorating the gener- 
ation activity of the pentafluoroethane and compounds 
which can be recycled in the reaction system. And to 
provide catalysts for this f luorination and a preparation 
method thereof. 
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Description 

FIELD OF THE INVENTION 

Elation 2SJri en80n r6lat6S l ° 3 * Preparing Pentafluoroethane. catalysts for fluorination and ■ 

PRIOR ART 



Si! StamSSSh 1 halogenated hydrocarbons containing hydrogen (hereinafter sometimes referred 

as an alternative to halogenated cartoons without hydrogen (for example, chlorofluoroethanes: hereinafter sometimes 
referred to as specific flon) which have been used on the market. eremaner sometimes 

[0003] In particular pentafluoroethane is expected to satisfy a wide range of uses as a refrigerant, a foaming agent 
.5 a^ert,andadryetcham.Fur^^ 

under normal temperatures and pressures. v gas 

[0004] In the conventional preparation methods for pentafluoroethane. it has been known that a gas phase fluori- 
^TrTT ° f te, 7 chloroetn y |e " e ° r ^ogenated hydrocarbons [C^CIxFfex); wherein x is 1 -5] uses a chromlurn 
oxide catalyst or an alumina catalyst carrying metals and so on. 

20 [ T 51 H0W ? er ' * 1188 bee " 0bviOUS 1,16 conventional ^own reaction cannot avoid the generation of chlo- 
^ 1 > ^; P L° dUCtS ' in ^ 10 406 Perrtatluoroemar^aXoge^ 
in?nSal reDreSented 35 ^ HCi ^ < wh ere * * ^ which can be recycled in the reaction system as tSe staS 

[0006] Ir. addition, chlorofluoroethanes [C^lxF^; where x is 1-5] of this specific flon cannot be recycled in the 

S^Z^TT"^ tm "7 l " 3 Pr ° dUCti0n ,0SS ' in Se P araBo " from *• objSe prodS 

■ ?k ""T?, Pr0CeSS ,eadi " 9 to 8 0031 increase for 106 P urification equipment and lower puri- 
fication, especially in the case of 1-chloro-1. 1. 2, 2.2,-pentafluoroethane (hereinafter referred*, as CFC-1 15) Furthe 
much expense is required for the treatment. '' runner - 

so Sr art v,n , 2; t t ^l COnVerTti0na u , m6th0dS 01 preparing Pentafluoroethane using a chromium oxide catalyst or an acti- 
30 vated carbon catalyst carrying chromium or chromium oxide are described 

STfi o,r°!H eX£ T le ' H is w disdosed in USP No - 3755477 that Pentafluoroethane is produced using 2. 2-dichloro-1 
1. 1-trif uoroethane (hereinafter refeired to as HCFC-123) as a starting material in the presence of a , chromium adde 

oTJSom ^"h ° f? 8 ? 04 i,IU ^ ateS *"* P entefluoroe th a ne is generated from perSforo^leSSe^e 
of a chromium oxde catalyst treated reductively. Further, in WO No. 92/19576. it is disclosed that pentafluoroethane is 

ETSKJT r C ^ « 23 in II! 6 PreS6nCe °* 3 Chr ° mium 0X1116 Prepafed from (NH^Cr^. ft is afsc SS EP 

E£L "ZT e *1 n !: e ** conve k n t ional metnods usin 9 said catalysts such as a chromium oxide catalyst and an 
!f ,y h C "W* c K hromium « chromium oxide, are limited in reducing the problematic cWior 
oethane by-products as described above, improvement in the problem of generating chlorofluoroethanes is still insuSi- 

f 0010 ! ^ E 4 spec f lly in a "y °t the said methods, it is difficult to lower the ratio of the total yield of chlorofluoroethane 
by-products to not more than 1% of the yield of the objective product, pentafluoroethane cnioror.uoroethane 

45 Sg metalf 01 ^ * f * ePar ' n9 P entafluoroethane * ^own using alumina or aluminum fluoride catalysts car- 

f001 S Z°l exam P le ' the methods of preparing pentafluoroethane are disclosed using starting materials such as 
perchloroethylene. 1 . 1 2-trichloro-2. 2^if.uoroethane (hereinafter referred to as HCFC-1 £) * HCF™ 2 3 Tth £e S 
ence of the catalysts: Cr 2 0 3 /Al F 3 in EP No. 638535; Mn (or Co. Cr)/AIF 3 in JP Publ No 3*05328- Z^alurSn wn 
9*16482; Co/Ce/alumina in JP Open. No. 4-29940; and Cr/Nui. oxide cata^in EP N^S 9 124 " W ° 

[0013] Compared to the cases using chromium oxide catalysts, the cases using these catalyst with alumina or alu- 
~ , ^ Q a ! a n Camer ,ead to a low reactivity being forced to react at a high temperature. oLSSST^S, 
^2 ^ T T mCreaSe " Seneration of the by-products, but also leads to increase both in equipment costs 
for heat of reactors and running costs. Further, the larger reactor made of a higher quality material is required resS 
from the necessity for a large amount of the catalyst. maienai is requirea resulting 

[0014] New catalysts for the preparation of pentafluoroethane are proposed in which the catalyst is a chromium cat- 
alyst such as chromium ox.de or fluorinated chromium oxide which has been made to carry me Jf 
E "° W f: er ' inmos * 0,thes e. the yield of the *lo^ 

do not illustrate the preparation methods of pentafluoroethane showing a highly-active fluorination; namely, a high yJS 
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of pentaf luoroethane and a controlled generation of chlorof luoroethane by-products. 

[001 6] For example, in JP Open. No. 2-1 78237, pentaf luoroethane is prepared by f luorination of perchloroethylene 
using a catalyst Fe20 3 -Cr 2 0 3 with a good yield. In JP Open. No. 7-61944, pentaf luoroethane is obtained by using 
HCFC-123 as a starting material and a catalyst In/ CrOxF Y (the catalyst shown in the published patent gazette is spec- 

5 ified with a composition that gives a Cr valence of +3.0) treated with hydrogen at 400°C for 4 hr. In JP Open. No. 8- 
108073, preparation of pentaf luoroethane is also disclosed using HCFC-123 as a starting material and a catalyst 
Ga/CrOxFy (the catalyst shown in the published patent gazette is specified with a composition that gives a Cr valence 
of +3.0) treated with hydrogen at 400°C for 4 hr. Both gazettes show the controlled effect on lowering the activity due to 
an increase in the reaction pressure and the long life of the catalyst. 

w [001 7] However, none of the said examples show findings relating to the generation of chlorof luoroethane by-prod- 
ucts. 

[0018] Namely, although WO No. 95/27688 discloses a method of preparing pentaf luoroethane using catalysts of 
Zn/Cr oxides, this does not illustrate the finding relating to the total yield of chlorof luoroethane by-products. The amount 
of CFC-1 15 is shown, however, in the example using perchloroethylene as a starting material, the ratio of CFC-1 15 to 
15 pentaf luoroethane generated is 0.59%. Further, in the example using HCFC-123 as a starting material, even the ratio 
of CFC-1 15 to the combined amount of HFC-125 with HCFC-124 already reaches 1.46%; accordingly, the reducing 
effect on chlorof luoroethanes is insufficient. 

[0019] Further, a method of preparing pentaf luoroethane from perchloroethylene using an Mg/Cr oxide catalyst is 
disclosed in EP No. 733611. However, large amounts of chlorofluoroethane by-product are obviously generated in all 
20 examples shown there, compared with the comparative example, and the ratio of the total amount of chlorofluoroethane 
generated to the amount of pentaf luoroethane generated is high, and in the range of 2.9 to 7.0%. 
[0020] In another f luorination reaction of 2-chloro-1, 1, 1 -trif luoroethane (hereinafter referred to as HCFC-133a), a 
chromium oxide catalyst with the addition of some metals is also proposed. 

[0021] For example, the f luorination reaction of HCFC-133a is disclosed in JP Open. No. 2-1 72933 using a catalyst 
25 comprised of halogenated compounds or oxides containing Cr and at least one element selected from a group com- 
posed of Al, Mg, Ca, Ba, Sr, Fe. Ni, Co, and Mn. The f luorination reaction of HCFC-133a is also disclosed in EP No. 
546883, where the catalyst composed of a base material of an oxide of Cr mixed with Ni prepared by a hydroxide sol of 
Cr 3+ with Ni 2+ is used. 

[0022] However, this literature does not show findings relating to activity and selectivity of the generation reaction 
30 of pentaf luoroethane or the yield of chlorofluoroethanes. Also, the reactivity of the generation reaction of pentafluor- 
oethane cannot be easily predicted. Further, since the catalyst in the former is calcinated at 450°C for 5 hr and also the 
catalyst in the latter is prepared through calcination at 420°C for 4 hr, the average valence of the Cr becomes approxi- 
mately +3.0. Therefore, these conditions are unsuitable to obtain an amorphous catalyst. 

35 PURPOSE OF THE INVENTION 

[0023] The present invention has been accomplished in consideration of the existing facts described above. The 
purpose is to provide a method of preparing pentaf luoroethane using catalysts that are capable of (1) reducing the total 
yield of chlorofluoroethane by-products when preparing pentaf luoroethane without significantly deteriorating the gener- 
40 ation activity of the objective product, pentafluoroethane, and C 2 HCIxF(5_x) ( where x is an integer between 1 and 5), 
which can be recycled in the reaction system as a starting material; (2) consequently controlling production losses as 
well as purification equipment costs; and (3) improving the purity of the pentafluoroethane produced. 
[0024] Another object of the present invention is to provide catalysts for f luorination which can be used in the prep- 
aration of pentafluoroethane described above and a preparation method thereof. 

45 

CONSTITUTION OF THE INVENTION 

[0025] In order to solve said problems, the present inventors have examined improvements to chromium catalysts 
such as chromium oxide and f luorochromium oxide and found that chromium catalysts in an amorphous state with an 

so average valence of the chromium not less than +3.5 but not more than +5.0 and with the addition of at least one metal 
element selected from a group composed of indium, gallium, cobalt, nickel, zinc and aluminum are capable of reducing 
the total yield of chlorofluoroethane by-products when preparing pentafluoroethane without significantly deteriorating 
the generating activity of pentafluoroethane and of C 2 HCIxF(5_x) (where X is an integer between 1 and 5), which can be 
recycled in the reaction system as the starting material. 

55 [0026] Namely, as a result of an examination aiming at the relationship between the chromium valence and the 
reactivity in the added chromium catalyst, the present inventors have revealed that said effect is obtained using cata- 
lysts for which the average valence is about +4. This is assuming that the valence variation to be considered as one of 
the catalytic properties of the chromium is easy to occur. Because a valence of +6 is thermally unstable and also often 
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shows sublimation, it has sometimes posed problems in use as a catalyst 

ScinJ^r •* fe ^ *?* thS aV9rage Va,SnCe 0f chro,rtum ^a" entire catalyst specified by theresults of the 
s ofcht^ 

S^hLn ^2 S" 8 r !ff° n ' aVera9S Val6nCe 0f the chromium . 'eluding mainly chromium with a valence of 
£ SSI !^ ? 38 ^ 5* tha " ^ TOt m0re 1,13,1 46 (preferab| y 44 to +4 5 >- Bv being not less than 2 5 
%£SL "ITl.rrS C0mpared r! th lower va,ues - and by being not more than +5.0. the catalyst becomes 
h ghly acbve w.th a stable structure compared with higher value. Further, by adding said metals to these chromium cat- 

mS h,9 M hly '?^ ^ "** 96nera,es nard,y 3ny chtorof luoroethanes is obtained wrth the above ™ 
!hfn?L^ ^' ^"1 " Venti0n r6lateS 10 3 method <* P re P arin 9 Pentafluoroethane (hereinafter referred to as 
n a t^n?^ meth ° d < °L Preparin9 P^'uoroethane) wherein chlorine-containing carbon compounds are 1 Ur- 
inated under tte presence of chrom,um catalysts that are in an amorphous state. The main component of said chr" 
mium catalysts ,s chromium compounds with the addrtion of at least one metal element selecSTom Z aZ> 

Z^t ° TT- 93 """I G ** niCke '' ZinC 3nd a ' Uminum - 7,16 avera 9 e °f cnronS* So chrS 

compounds is to be not less than +3.5 but not more than +5.0. cnromium 

[0030] As aforementioned, although some chromium oxide or fluorinated chromium oxide catalysts havinq a chro- 
repeated studies by the present inventors: cu^.uusiy 
I"™ or^f 6 "? 8 * 3 d ? r ?") iUm 03,31X51 in 30 amoi Phous which contains the chromium compound with the addi- 

num thfe SSLTnH T ^ ^ ^ ^ 9r ° UP mmPOS9ti 01 indium ' 9a,lium - «** -™andaS- 
num. this compound having a valence larger than +3. in which the compound is stable, and smaller than +6 in whfch 
the compound often shows sublimation, and preferably not less than +3.5 but not more than +5 0- 
by «uor,nat,ng such compounds as chlorine-containing hydrocafcons. including perchloroethylen'e. 1. 1-dichloro-2 2 
2-trif luoroethane and 1 -chloro-1 .2.2, 2-tetraf luoroethane. -uicnwro i, d, 

both ahighly-active pentafluoroethane generation reaction and a decrease in the ratio of the yield of chlorofluoroethane 
by-products to the yield of pentafluoroethane can be brought about cnioronuoroetnane 

LJ" P f rtiCU ' ar ; S3id ! li9h aC6Vify le3dS ,0 3 deCre3Se in **** «l«iPment costs and running costs by enabling a 

Z JSSSS^ ^T* in Cat3,y,iC 3m ° Unt 3nd ,0n9 - |ife Morewer - **» in practice Trd. 3 

troC byproducts are generated, further generation of chlorofluoroethane by-producte can be con- 

[0032] The activity in the main reaction (the generation reaction of pentafluoroethane) of the catalvst in an anw 
P^^th achron^um valence of +3.5 to +5 is much higher than tHelLi* JT^e^^cJ^ 
S^Tr, V f nCe ° f+3 ' ni9h " hfch isach aracieristicofacatalysfs amorphous nature. canS^ 

alum of H?C 1 2? m T^ o n Il SPe ? iC "°: 9ener3ted by addi "9 metal elements. In addrtSn. to generate TmH 

aTdue to t£ TeS 2 tnltSS", *" r° ,P ?" ^ enaWeS ta "" riB » ° f the re3Ction ,em P erahJre 
a aystaline StajS " 8 dramaiaa ' lower *«**» "™« <* specific flon than if using 

Elf- ^!. re . in ' 531(1 aVera9e V3lenCe ° f 1,16 PreSent invention means a chromium valence specified by composition 
Srj?^?r° n ° ^ ma9 ? e, | C """P 1 "* avara 9 a va'ence of the chromium in said 
fted by sad composition analysis is calculated from the result obtained by actually conducting a corrposition^XL 
on the said chromium catalyst. The average valence of the chromium in said catalyst specified by de^natioToS 
S cairr ^ V"" - ?* C3lcu,ated <™ tne result obtained by the changet Z 
4s iSS u ? 3 ° an9S tem P erature - terete measurement methods will be described lat? 

45 x^srrZo^ 

l00 ^l ^ Furtn er. said amorphous state means an amorphous state of the whole catalyst and this is the state where 

iTirr to i ^ crysta,,ine sfruc,ure 3x1515 in *° *^«-~i££££ 

SS2L ,„^Z T?° n PreSem inventive metnod <* P^nnfl pentafluoroethane may use HF?F?or 
the other fluorine-containing hydrocaroons as the f luorinating agent 2 

E-hJ!! 6 PreSent inVSnti0 , n Pf0VideS Chr0milJm C3,3lySte ^ «"c<ination which can be used in the present inven- 
Z t P epa T n9 P ertafl "oroethane. The main component of said chromium catalysts, which is in an amor- 

ri^r^fr 3 ^ "TSZ 38 *• PreSent inVen1iVe C3t3,yStS) - iS Chromium corrpouS wHhfte a^LTat 
S^JZl^r* 8 6C,ed fr ° m 9f0UP C ° mp0Sed °* indium ' 93,,ium ' ^ "i ckel - zi "c and aluminum The 
S 5, the chromium in said chromium compounds is not less than +3.5 but not more than + 5 0 

tionTJLJT ,nVC ^ °f talyS 2 fe 3 Chr ° miUm 03131/54 for ,luo "nation reaction submitted to various f luorina- 

ethanic and ethylenic chlorinated riydrocarbons (or chlorinated carbons). 
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[0039] Further, as a preparation method of the present inventive catalyst with good reproducibility, when preparing 
the chromium catalyst in an amorphous state for fluorination, the main component of which is chromium compounds 
with the addition of at least one metal element selected from the group composed of indium, gallium, cobalt, nickel, zinc 
and aluminum and the average valence of the chromium in said chromium compounds being not less than +3.5 but not 
5 more than +5.0; 

the present invention provides a method of preparing catalysts for fluorination (hereinafter referred to as the method of 
preparing the present inventive catalyst) wherein the chromium catalyst in said amorphous state for fluorination is 
obtained by calcinating in an atmosphere of inert gas. 

[0040] According to the method of preparing the present inventive catalyst, when preparing the present inventive 
10 catalyst, the chromium catalyst for fluorination which is in said amorphous state can be obtained by calcinating in an 
atmosphere of inert gas such as nitrogen, for example. Said calcination can be conducted at a temperature of 380°C to 
410°C for 0.5 hrto3.5 hr. 

[0041] First, the present inventive method of preparing pentafluoroethane is illustrated. 

[0042] In the present inventive method of preparing pentafluoroethane, it is preferable to fluorinate at least one of 
15 said chlorine-containing hydrocarbons selected from the group composed of perchloroethylene, 1, 1-dichloro-2, 2, 2- 
trifluoroethane and 1-chloro-1, 2, 2, 2-tetrafluoroethane by hydrogen fluoride. 

[0043] Further, it is desirable that said chlorine-containing carbon compounds are any of 1, 1-dichloro-2, 2, 2-trif- 
luoroethane (HCFC-123) and 1 -chloro-1. 2, 2, 2-tetrafluoroethane (HCFC-124) or their mixture. 
[0044] Namely, when using HCFC-123 and HCFC-124 (especially HCFC-124) as the starting material, the gener- 
ic? ation of chlorofluoroethane by-products can be controlled to an extremely small amount and simultaneously the objec- 
tive pentafluoroethane can be obtained with a high yield. 

[0045] Of course, perchloroethylene can be used as the starting material and in this case, it is considered that per- 
chloroethylene is converted to pentafluoroethane through intermediates such as HCFC-123 and HCFC-124. 
[0046] The present inventive method of preparing pentafluoroethane as described above is extremely effective 

25 especially in the reaction which generates chlorofluoroethane by-products. Accordingly, in the present invention, such 
a reaction is not limited to starting materials. However, the reaction is extremely effective in the case of fluorination by 
hydrogen fluoride of any of perchloroethylene, 1, 1-dichloro-2, 2, 2-trifluoroethane and 1-chloro-1, 2, 2, 2-tetrafluor- 
oethane or their mixture or a mixture of 1 , 1 -dichloro-2, 2, 2-trrf luoroethane and 1 -chloro-1 , 2. 2, 2-tetrafluoroethane for 
which the yield of pentafluoroethane is relatively high and the amount of chlorofluoroethanes generated is large. 1,1,2- 

30 trichloro-2, 2 -dif luoroethane (HCFC-122) and the like may be used as the said chlorine-containing carbon compounds. 
[0047] The conditions of the fluorination reaction in the present inventive method of preparing pentafluoroethane 
can be selected according to the characteristics of each starting material. 

[0048] For example, the molar ratio for the reaction of HF with the chlorine-containing carbon compounds (espe- 
cially any of perchloroethylene, HCFC-123 and -124) as starting materials is usually (0.9-100) : 1 , and the reaction tem- 

35 perature is usually 150°C to 450°C. The contact time of said catalyst with the reaction gas (value obtained by dividing 
the catalyst weight by the amount of reaction gas flowing per unit time) is usually 0.1 g/NmL • sec-50 g/NmL • sec. For 
this, preferable reaction pressure can be selected appropriately by the species of starting gas submitted to the reaction. 
[0049] For example, in the fluorination reaction which generates pentafluoroethane from HCFC- 1 23, the conversion 
ratio to pentafluoroethane and the yield of chlorofluoroethanes can be varied by appropriately changing the molar ratio, 

40 the reaction temperature, the contact time, and the pressure of reaction of the fluorinating agents such as HF with 
HCFC-123. The conversion ratio to pentafluoroethane tends to rise as the reaction temperature and the contact time 
increase. 

[0050] Considering the cost of manufacturing equipment, the running costs for the reaction conditions and the 
above reaction conditions, the reaction temperature should preferably be 250°C to 380°C and the molar ratio of the 

45 reaction should be preferably 2 to 10. Further, the contact time should preferably be 0.2 g/NmL • sec-20 g/NmL • sec. 
Furthermore, the reaction pressure should preferably be near atmospheric pressure. Although the reaction can be con- 
ducted under pressures higher than atmospheric pressure, the conversion ratio to pentafluoroethane tends to lower. 
[0051] According to the present inventive method of preparing pentafluoroethane, when fluorinating 1, 1-dichloro- 
2, 2, 2-trifluoroethane as said chlorine-containing carbon compound under the presence of said chromium catalyst, the 

so ratio of the total yield of chlorofluoroethane by-products to the yield of pentafluoroethane obtained can be fully control- 
led to be not more than 0.5%. 

[0052] Further, when fluorinating 1 -chloro-1, 2, 2, 2-tetrafluoroethane as said chlorine-containing carbon com- 
pound, the ratio of the total yield of chlorofluoroethane by-products to the yield of pentafluoroethane obtained can be 
fully controlled to not more than 0.3%. 
55 [0053] Thus, according to the present inventive method of preparing pentafluoroethane, the efficient preparation of 
pentafluoroethane can be conducted without significantly deteriorating the yield of pentafluoroethane and generation 
activity of C 2 HCI X F (5 „ X) (where x is an integer between 1 and 5), which can be recycled , and the ratio of the total yield 
of chlorofluoroethane by-products to the yield of pentafluoroethane obtained can be controlled to not more than 0.5% 
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"? j" 8 ** 80 "- * e to" yield of chlorofluoroethane which can not be recycled to the reaction system as a 

Ene J^tSSS? 'T** metHOd ° f Prepari " 9 penta " uoroethane - Chromium compounds may be at 
least one spec.es selected from the group composed of chromium oxide, chromium fluoride, f luorochromium oxide and 
chtorof luorochromium ox.de. Namely, the catalyst used in the presem ir^rrth.e method of preparing pert^o^e 
fences ** ' ,uorochromium 03dd « «* *• including cnromium of 2 

[0055) Prior fluorination is preferable before said chromium catalyst is submitted to the fluorination reaction of said 
ch tor^conta.n.ng carbon compounds. For example, the fluorination can be conducted by setting said catalyst at a pre- 
scribed temperature and for a prescribed time in a mixture of HF gas and Na gas *aysiaiapre- 
[0056] Herein said chromium catalyst such that the specific surface area becomes 25-130 m 2 /g after said fluori- 
nation can be usof Namely, chromium oxide including amorphous Cr of high valence with added metals is prepared 

atlOO to 460-C. preferably at 150 to 400°C. This reaction is conducted using HF diluted with nitrogen fas (HF 5 to 
20%) a , a ,ow temperature (1 50 to 250°C) in the beginning of the HF treatment which is an extreme^lTrge exotherm c 
reaction; thereafter a rise in the temperature or increase in the HF concentration is desirable 

! iZl ■ lll tf m0 ? hOUS 54316 ° f " aM chromium cate'ys* can be made by calcinating said chromium catalyst con- 
ducted in an atmosphere of inert gas. caiarysi con 

"5?L I!!f amorphous chromium catalyst having the valence described above can be formed by said calcination 
time ranges of 380 to 41 0°C and 0.5 to 3.5 hr, respectively. 

Ent* ^cJhT 1,16 Pr f S , em inVenfiVe method of preparin 9 Pentafluoroethane. addition methods of said metal 
elements to sad chromium catalyst are not limited. For example, after immersing chromium hydroxide in an aqueous 
solution ofsaid metal elements followed by drying, said calcination may be conducted (impregnation metti^mmer- 
sion method: refer to Fig. 1 ). Or after obtaining chromium hydroxide containing said metal elemente EoSSSto. 
from an aqueous solution dissolving said metal elements and chromium followed by drying, said 22EE?E 
conducted (coprecipitation method: refer to Hg. 2). ««anwJon may oe 

"S 6 ?- - Name ' y ' *° r example ' is * e impregnation method wherein chromium catalysts or chromium hydroxide 
which is the precursor of the chromium catalyst, are immersed in an aqueous solution of said metal™fo.£ by 
drying and calcination, and there is the coprecipitation method wherein a precipitant such as aqueS" anZS is 
mS^Si aqU60US C ° mPrfein9 30 aqUe ° US S0,Uti0n ■* -"eta! el^enteaZnTque 

3 s ad^toTcSr^ 

K^l^"^ 6 'J** a ™ Unt 01 S3id m6tal e,ement t0 the chromium such as chromium oxide may not 

be too small to obtain the present .nventive effect, it may not be enough to significantly inhibit the reactivity of the*™ 

preferably 0.005 to 0.1 (the method of preparing the present inventive catalyst is the same) 
a. f K u TT US * Whe " ,luorinatin 9 ***** ^ HF and the like in order to stabilize the initial activity of said catalyst 

[0063] In the present inventive method of preparing pentafluoroethane. the addition or carrying of an element hav- 

ola 3 ; nXTX 6 !f ° n r8aCtiVity . 0r Se,eCfivity t0 catalyst «<ept chroLm. IdSTSS 

coteK nickel. z.nc. aluminum, oxygen, chlorine and fluorine, is desirable. Said element may be at least one elemtm" 
selected from the group composed of cadmium, magnesium and titanium 

[0064] When f luorinating said chlorine«ontaining carbon compounds using hydrogen fluoride, a part or all of Ihe 
generating , producte can be returned to the reaction system or can be led to another reaction system in^hS, toiS 
t.on,s conducted by hydrogen fluoride using catalysts as claimed in claim 1 . Further, separating the m x T»S 
pentafluoroethane and hydrogen chloride from said products, the residual products maybe retort to ZuSSl 
system or may be led to said another reaction system. reaction 
f^ff! Such Processes make it possible to prepare pentafluoroethane more efficiently. 
[0066] Next, the present inventive catalyst is illustrated. 

S rJ^lFH^ inV6ntiVe Cata ' yStS ' S3id cnromium compounds may be at least one species selected from the 
nZiT^? of . cnro 7 uni °x |d e. chromium fluoride, fluorochromium oxide and chlolSuorochromium oxide 
Namdy. .f chrorrmn valence is within the range of said valence number, it may be of said various forms. 

Sis prSrssssr is desirawy ,,uorina,ed Especiaj,y - * e surface area af,er - ,,u ° ri - 
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[0069] In the present inventive catalysts, the addition of an element having an improving effect on reactivity or 
selectivity except chromium, indium, gallium, cobalt, nickel, zinc, aluminum, oxygen, chlorine or fluorine is desirable. 
Said element may be at least one element selected from the group composed of cadmium, magnesium and titanium. 
[0070] Next, the method of preparing the present inventive catalyst is illustrated. 

5 [0071] By treating chromium hydroxide obtained from a preparation method described later at high temperature in 
an inert atmosphere, dehydration as well as generation of chromium oxide proceed, and simultaneously, the surface 
area increases. These phenomena proceed by calcination even under the conditions of a comparatively lower temper- 
ature of between 300°C and 370°C, or a short time of 0.4 hr and a sufficiently large surface area is obtained. However, 
many hydroxyl groups (OH' ) in the catalyst remain in this calcination condition and thus the chromium valence in the 

10 catalyst obtained becomes a value below +3.5. Inversely, in calcination conditions of above 41 0°C or beyond 3.5 hr, the 
valence of the chromium ion transfers from stable +4 to +3. On the crystal structure of chromium oxide, the catalyst also 
transfers from an amorphous to a stable Cr 2 0 3 (Cr +3 valence) crystalline structure and in addition the average valence 
of chromium becomes a value below +3.5. 

[0072] From the above examination results, in order to obtain a catalyst where the average valence of chromium in 
15 the amorphous state shows not less than +3.5 but not more than +5.0 by calcinating chromium hydroxide obtained from 
the preparation method illustrated in the present application, calcination at 380°C to 410°C. especially 400°C and for 
0.5 to 3.5 hr, preferably 2 hr in an inert atmosphere is suitable. 

[0073] After immersing powdered chromium hydroxide in an aqueous solution of said metal elements followed by 
drying, said calcination can be conducted (impregnation method or immersion method: refer to Fig. 1). Or after obtain- 
20 ing chromium hydroxide containing said metal elements by coprecip'rtation from an aqueous solution dissolving said 
metal elements and chromium followed by drying, said calcination may be conducted (coprecipitation method: refer to 
Fig. 2). 

[0074] Said chromium compounds in the method of preparing the present inventive catalysts may be at least one 
species selected from the group composed of chromium oxide, chromium fluoride, fluorochromium oxide and chlo- 
2$ rof luorochromium oxide. 

[0075] In the method of preparing the present inventive catalyst, f luorination after said calcination of said catalyst 
is desirable. The said f luorination can be conducted for controlling the specific surface area of said catalyst for fluorina- 
tion to within 25-130 m 2 /g. 

[0076] Further, in said catalyst for fiuorination in the present inventive method, addition of an element having an 
30 improving effect on reactivity or selectivity except chromium, indium, gallium, cobalt, nickel, zinc, aluminum, oxygen, 
chlorine and fluorine is desirable. 

[0077] Said element may be at least one element selected from the group composed of cadmium, magnesium and 
titanium. 

[0078] In the method of preparing the present inventive catalyst, the average valence number of the chromium in 
35 said catalyst is not less than +3.5 but not more than +5.0 and the catalyst is amorphous. Such a catalyst for fiuorination 
is prepared by the following method, for example. 

[0079] First, precipitate of chromium hydroxide is obtained by mixing an aqueous solution of chromium salt (for 
example, chromium nitrate, chromium chloride, chrome alum and chromium sulfate) and aqueous ammonia. 
[0080] Next, for example, precipitate of chromium hydroxide is obtained by dropping 1 0% aqueous ammonia equiv- 
40 alent to about 1 .2 times into a 5.7% aqueous solution of chromium nitrate. In this process, although the property of chro- 
mium hydroxide can be controlled through the reaction rate of the precipitation reaction, the reaction rate is desirably 
rapid to a considerable extent This reaction rate is controlled by the temperature of the reaction solution, the mixing 
method for the aqueous ammonia (mixing rate) and the stirring conditions. 

[0081] Subsequently, this precipitate is filtered, washed and dried. This drying is desirably performed at 70°C to 
45 1 40°C in air, especially at around 1 20°C for 1 hr to 50 hr, especially for around 1 2 hr, for example. The material obtained 
in this step is chromium hydroxide. 

[0082] Next, after this chromium hydroxide is immersed, for example, in an aqueous solution of indiumnitrate (for 
example, in order to control the atomic ratio of indium in the aqueous solution of indium nitrate to chromium in this chro- 
mium hydroxide to be about 1 : 0.03. the concentration of said aqueous solution is adjusted) for about 12 hr. chromium 
so hydroxide with added indium is obtained by drying at 120°C for 12 hr. for example. 

[0083] Next, to make a pellet-shaped catalyst, after grinding the chromium hydroxide with added indium, the shape 
is molded into a pellet by a tableting machine. The pellet may be cylindrical of 3 mm in diameter and about 3 mm in 
height. Considering the pressure loss and the diffusion of the gas flow, said pellet is desirably molded in a hollow cylin- 
drical form. 

55 [0084] By calcinating the molded catalyst in an atmosphere of an inert gas such as nitrogen, the average valence 
number of the chromium is not less than +3.5 but not more than +5.0 and the amorphous chromium oxide is prepared. 
[0085] The calcination temperature is preferably not less than 380°C. However, Cr 2 0 3 (chromium valence is +3) 
composition is formed if too high; therefore, it is desirable to set the higher temperature within the range that is capable 
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n h ACCOrdl ^' ! h,S calc,nat,on fe ^ed «*■ *» example, at 380°C to 410°C. especially around 400°C for 
r n c L ' fSTSi u a,OUnd 2 hr ^ deScribed " ** Nation time is longer than the above range 
Cr 2 0 3 is generated and the chromium catalyst having a high average valence number cannot be obtained while if too 
snort, the number of the remaining hydroxyl group in the catalyst tends to become too high. 
! 008 w _ . Next - fluorination treatment of the catalyst can be carried outwithCFCs, HCFCs. HForFo. If the fluoridation 
treatment ,s not conducted, the generation reaction of objective pentaf luoroethane is severely inhibited and generation 
peSuSoSane 50 " 1611 " 168 Since fluorination of the catalyst proceeds during the generation reaction of 

[0087] Especially in the case of fluorination treatment with HF. the higher the temperature and the pressure are the 
targer the rate of progress is. The temperature at which the generating water is not condensed in the process and at 
which the catalyst .s not crystalteed by the reaction heat may be maintained as the upper limit. For example the tem- 
perature when fluonnating may be within the range of 100°C to 460°C *«e.ineiem 

S treatment"' ^ *"* " *' decreases in the ran 9 e of 25 to 1 30 rrftg by this f luor- 

^ I XCept for * he 3b0Ve meth0d - pre P aration 01 *e chromium catalyst is possible wherein the average valence 
number of chrom 1U m in the catalyst is within not less than +3.5 but not more than +5 .0 and the catalyst is in the amor- 
phous state. However, in order to obtain the present inventive catalyst the various conditions for obtaining chromium 
T*?l e " Pf ^° n reaCti ° n < neutrali2afon reaction) and calcination condition of chromium hydroxide and Ton 
in the above method of prepanng the catalyst are especially significant 

20 E°L Her6in ' 33 fo ? n eXamP ' e * an0ther PrePe^ 0 " method except the above preparation examples of the cat- 
alyst, there are coprecp.tat.on methods for obtaining the precipitate of chromium hydroxide by mixing an aqueous solu- 
tion of indium nrtrate w.th an aqueous solution of chromium nitrate instead of impregnating an aqueous solution of 
indium nrtrate into chromium hydroxide . ctHueuus, wiunon or 

25 INDUSTRIAL APPLICATION 

[0091 ] According to the present inventive method of preparing pentafluoroethane, since (1 ) chlorine-containing car- 
Sl^T V ^ 0nnated in 816 PreS6nCe * Chromiuni ** are in an emorphous state; (2) the main 

3 o 2^?A T** iS 3 Chr0mium COmpound Wrth 106 <* * 'east one metal element 

so selected from the group composed of indium, gallium, cobatt. nickel, zinc and aluminum; and (3) the average valerS 
'"ead chromium compound is not less than +3.5 but not more than +5.0. it is possible to decrease** 

2112? 2T* * ! by " P,0dUC,S Preparin9 Pentafluoroethane without signScTntly deterto ating K 
generaton activity of the pentafboroethane and CyHCy^g (where x is an integer between 1 and 5). which can be 
recycled in the reaction system as a starting material. 
35 [0092] The present inventive catalysts, which are in an amorphous state and wherein the main component is chro- 

S^ UPdS "V? 3dditi0n 01 at ' eaSt ° ne m6tal element Selected ,rom *• 9™» «W (S^gatfum 
5! > U STiS SSS to ' nUm ^ aV8raSe Va,enCe " Chromium in «*™*" c^nds * not less than 
£ J^.T1 °' are USe,Ul 35 03131/515 for ,luorina,i on '" various fluorination reactions and can be submit- 
ted especially to the present inventive method of preparing pentafluoroethane. 

[0093] According to the method of preparing the present inventive catalyst when preparing the chromium catalvst 
sel^edTrom 0 ^ ^ ** ^ Chr0mium «W* ^ •» <* at .1st one 

5 0 riJSS ^r ra9e .T ° thS Chr ° miUm in ^ Cnr ° mium * "Of less than +3.5 but not more than 

nf in^ o!! * chromium catalyst ,n said amorphous state for fluorination is obtained by calcination in an atmosphere 
of mert gas. the chrom,um catalvst in said amorphous state for fluorination can be prepared with good reproduXrty 

BRIEF DESCRIPTION HP THF DRAWINGS 
[0094] 



40 



45 



SO 

Fig. 1 
Fig. 2 
Fig. 3 
Fig. 4 
55 Fig. 5 
Fig. 6 
Fig. 7 
Fig. 8 



is a f lowchart showing the catalyst preparation example relating to an Example of the present invention 

is a flowchart showing the catalyst preparation example relating to another Example of the present invention 

is a flowchart showing the catalyst preparation example relating to a Comparative Example 

is a graph showing the result of X-ray diffraction measurement of Catalyst 1 . 

is a graph showing the result of X-ray diffraction measurement of Catalyst 2. 

is a graph showing the result of X-ray diffraction measurement of Comparative Catalyst 1 

is a graph showing the result of X-ray diffraction measurement of Comparative Catalyst 2 

is a graph showing the result of X-ray diffraction measurement of Comparative Catalyst 3 
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Fig. 9 is a process flowchart of recycling based on another Example of the present invention. 
Fig. 10 is a graph showing the result of X-ray diffraction measurement of Comparative Catalyst 4. 
Fig. 1 1 is a graph showing the result of X-ray diffraction measurement of Comparative Catalyst 5. 

5 DESCRIPTION OF THE MARKS 

[0095] 

1 — Reactor 
to 2, 3 — Material containers 

4 — Partial condenser (heat exchanger) 

5, 7, 8, 9, 11, 13, 14, 15 — Pipes 

6 — Separating tank 

10 — Distillation column 
75 12 — Condenser 

EXAMPLE 

[0096] The following Examples are given to further illustrate the present invention. However, it should be under- 
go stood that the present invention is not limited by these examples. 

Catalyst Preparation 

[0097] First, the catalysts for f luorination (catalysts 1 -8) based on the present Example and the catalysts for f luori- 
25 nation (comparative catalysts 1 -3) for comparison were prepared. 

Catalysts 1-6 (Example) 

[0098] Catalysts 1 -6 were prepared according to the flowchart shown in Fig. 1 . 

30 [0099] First, 1.14 kg of 10% ammonium hydroxide was dropped into 7.65 kg of 5.7% aqueous chromium nitrate 
solution while stirring, and the resulting precipitate of chromium hydroxide was obtained. Next, after filtrating this fol- 
lowed by washing with pure water, the solid chromium hydroxide obtained by drying a part of the filtrate in air at 120°C 
for 12 hr was ground up to not more than 0.2 mm in particle size, thus obtaining powdered chromium hydroxide. 
[0100] Next, 50 g of powdered chromium hydroxide obtained was immersed in an aqueous solution of dissolving 

35 reagents shown in the following Table 1 in 30 mL water, then allowed to stand for 12 hr, and dried to remove the water 
again. 

[0101] Subsequently, after grinding this again, a mixed powder with 2 wt% graphite added was molded under com- 
pression into a cylindrical shape 3 mm in diameter and 3 mm in height using a commercially-available tableting 
machine. These were charged into a reaction tube made of Hastelloy C with an inside diameter of 20 mm and then cal- 
40 cinated by heating at 400°C for 2 hr in a nitrogen gas flow. The following catalysts were obtained by f luorinating further 
in contact with a mixed gas of hydrogen fluoride and nitrogen at 200°C to 360°C for 2 hr: 

Catalyst 1 ; fluorochromium oxide containing indium, 
Catalyst 2; fluorochromium oxide containing gallium, 
45 Catalyst 3; fluorochromium oxide containing cobalt, 
Catalyst 4; fluorochromium oxide containing nickel, 
Catalyst 5; fluorochromium oxide containing zinc, and 
Catalyst 6; fluorochromium oxide containing aluminum. 

50 

Table 1 



Catalyst 


Reagent 


Used Amount 


1 


ln(N0 3 ) 3 • 3H 2 0 


5.16g 


2 


Ga(N0 3 ) 3 • 8H 2 0 


5.82g 


3 


Co(N0 3 ) 2 • 6H 2 0 


4.25g 
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Table 1 (continued) 



Catalyst 


Reagent 


Used Amount 


4 


Ni(N0 3 ) 2 • 6H20 


4.23g 


5 


Zn(N0 3 ) 2 • 6H 2 0 


4.34g 


6 


Al(N0 3 ) 3 • 9H 2 0 


5.48g 



Sr-h-i c.^J y ?? h 2 ! PreS6 « Xamp ' e ° Wained in the exam P |es of Preparation, the fol- 

Cr calculated by that; the number valence of the Cr specified by determining the magnetic susceptibility an X-ray dif- 
fraction measurement (XRD); and a specific surface area measurement (SSA). V 

!3 ??1 the „ avera9e valence number ^ the composition analysis was measured as follows 

[0104] First, the chrom,um was oxidized up to a valence of 6 using an alkali fusion method, and the catalyst was 

o^T^Tl n 0 "- ^ Chr ° miUm ~ quanWated * a P^manganate method. «W*S2f<ES 
« J"-' D ? arm,nat ' 0n ° ,the h y*ogen was conducted using a CHN analytical instrument (determi- 

the amount of oxygen m the rema.n.ng element was calculated. Determination of H 2 0 adsorbed in the catalyst as wdi 
as the above elemental analysis is also conducted using a differential thermal balance (the weight reduction accompa- 
ny the ertfoth™ 

tor^^t^mT™ ,herma ' balanC6, *• C ° mPOSiti0n * "** iS «P«~^ SeTas^e 
[0105] Next, since the valence of oxygen (O). the hydroxy! group (OH) and water (H 2 0) are-2. -1 and 0 respec- 
tively, the valence of the remaining Cr was derived by the following equation using the results of the composing- 
yses. 



30 



35 



40 



Cr valence = - (-2 x x-1 x y) - n x m 

(wherein n is the valence of an added metal element such as In as described above, and m is the ratio of the number 
of atom of the metal element added to the Cr). numoer 
10106] The average valence number specified by measurement of the magnetic susceptibility was measured as fol- 

k" l 9enerally l T own *■* «» va,ence °» a magnetic ion of a paramagnetic substance can be theoretically 
speeded by determining the magnetic susceptibility curve (change in the magnetic susceptibility brought about by 
tZ^a C^T 1 Name, ^ e , va,ence - ^ is specified by comparing'the effective^BohTmaX^mbS 
S' p'T Val6nCe ° a,CU,ated from a "umber of unpaired electrons in the 3d 

Sot f2 ma9net0 " number ° btained f ™ resurt of the magnetic susceptibility measurement 

2£Lo 2fh 9 ! "IT* 0 susceptibi,it y °* the brought about by a change in the temperature 

from »e 2 US ' n9 3 ^ & 7,16 CUrie C ° nStant re P reserted ^ *• equation was calculated 



X = CfT (K: magnetic susceptibility, C: Curie constant. T: temperature [K]) 
<s S rJJSJSSS* B ° hr 11,39,1610,1 nUmbef ^ Ca,CUla,9d by SUbSWUtin9 *• value ^ C in the fol- 



Effective Bohr magneton number n = V(C/0.125 



(A) 



[0110] 



reticallv nbt^n^ 6 ^' \* ^ *? th6 effeCtiVe magneton number of the chromium ™ can be the* 
f ! ^ an9U,ar momentum determined by the number of electrons in the 3d orbital of 
the ion. The values are shown in the following Table a. 



Table a 



55 



Chromium Valence 


+6 


+5 


+4 


+3 


+2 




0.00 


1.73 


2.83 


3.87 


4.90 
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[01 1 1 ] And based on the correlation of \x in Table a with the chromium valence, the average valence number of the 
chromium in the catalyst was specified from the values obtained from said Equation (A). For example, if n is 2.72, chro- 
mium valence = +4.1 is calculated by solving the following Equations 1 and 2 : 

2.72 = 1.73x + 2.83 (1-x) Equation 1 and 
chromium valence = +5x + 4 (1-x) Equation 2. 
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Table 2 



50 





Catalyst) 


Catalyst 2 


Catalyst; 


Catalyst' 


Catalyst 5 


Catalyst^ 


Add 


ed Metal M 


I n 


Ga 


Co 


N i 


Zn 


A 1 


Composition (Molar Ratio) 


Hetal (m) 


0. 03 


0. 03 


0.03 


0.03 


0.03 


0.03 


Chromium 


1 


1 


1 


1 


1 


1 


Oxygen (x) 


2.15 


2.15 


2.13 


2.13 


2.16 


2.14 


OH (y) 


0.05 


0. 03 


0.01 


0.02 


0.01 


0. 04 


H 2 0 (z) 


0.22 


0.21 


0.25 


0.22 


0.23 


0.26 


Valence 


Composition 
Analysis 


+4.26 


+4.24 


+4.21 


+4.22 


+4.27 


+4.23 


Measurement of 
Na9netic 
Susceptibility 


+4.3 


+4.2 


+4.1 


+4.1 


+4.3 


+4.2 


Result of X-ray 
Diffraction 


Araorphoua 


Amorphous 


Amorphous 


Mwrphous 


Amorphous 


Amorphous 


Specific Surfa- 
ce Area (mVg)' 


88.0 


92.5 


90.0 


93.1 


91.8 


89.4 



« !« 12 J. ^? " Val6nCe " iS avera9e valence 61 *• *«»**" " each catalyst before f luorination which is derived 
55 from the catalyst composrtion M m CrO x (OH) y - zH 2 0. Here, the specific surface area is the value after fZrinSion 



12 



SDOCID: <EP 1038858A1 



EP 1 038 858 A1 



Catalyst 7 (Example) 

[01 1 3] Catalyst 7 was prepared according to the flowchart shown in Fig. 2. 

[0114] First, a mixed solution of 7.65 kg of 5.7% aqueous chromium hydroxide solution with 330 g of 10.0% aque- 
5 ous indium nitrate solution was prepared. Into this mixed solution was dropped 1.21 kg of 10% ammonium hydroxide 
while stirring, and the resulting precipitate of chromium hydroxide with added indium was obtained. 
[01 1 5] Next, after filtrating this followed by washing with pure water, the solid chromium hydroxide obtained by dry- 
ing a part of the filtrate in air at 120°C for 12 hr was ground up to not more than 0.2 mm in particle size, thus obtaining 
powdered chromium hydroxide containing indium. 
w [01 1 6] Subsequently, a mixed powder with 2 wt% graphite added was molded under compression into a cylindrical 
shape 3 mm in diameter and 3 mm in height using a commercially-available tableting machine. These were charged 
into a reaction tube made of Hastelloy C with an inside diameter of 20 mm and then calcinated by heating at 400°C for 

2 hr in a nitrogen gas flow. Further, fluorochromium oxide containing indium as catalyst 7 was obtained by f luorination 
in contact with a mixed gas of hydrogen fluoride and nitrogen at 200°C to 360°C for 2 hr. 

75 [0117] As for the valence number of the Cr in the catalyst obtained, the value by composition analysis was +4.27 
and the value determined from the magnetic susceptibility was +4.3. In addition, this catalyst was confined to be amor- 
phous from the XRD measurement. The SSA of this catalyst 7 was 105.2 m 2 /g. 

Catalyst 8 (Example) 

20 

[01 18] Catalyst 8 was obtained according to the flowchart shown in Fig. 2. 

[0119] Except for using 200 g of 10.0% aqueous nickel nitrate solution instead of 330 g of 10.0% aqueous indium 
nitrate solution, fluorochromium oxide containing nickel was obtained as catalyst 8 by a preparation similar to the cata- 
lyst preparation of Example 7. 

25 [0120] As for the valence number of the Cr in the catalyst obtained, the value by composition analysis was +4.23 
and the value determined from the magnetic susceptibility was +4.2. In addition, this catalyst was confirmed to be amor- 
phous from the XRD measurement. The SSA of this catalyst 8 was 108.1 rrr^/g. 

Comparative catalyst 1 

30 

[0121] Comparative catalyst 1 was obtained according to the flowchart shown in Fig. 3. 

[0122] First, 1.14 kg of 10% ammonium hydroxide was dropped into 7.65 kg of 5.7% aqueous chromium nitrate 
solution while stirring, and the resulting precipitate of chromium hydroxide was obtained. Next, after filtrating this fol- 
lowed by washing with pure water, the solid chromium hydroxide obtained by drying a part of the filtrate in air at 120°C 

35 for 12 hr was ground up to not more than 0.2 mm in particle size, thus obtaining powdered chromium hydroxide. 

[0123] Subsequently, a mixed powder with 2 wt% graphite added was molded under compression into a cylindrical 
shape 3 mm in diameter and 3 mm in height using a commercially-available tableting machine. These were charged 
into a reaction tube made from Hastelloy C with an inside diameter of 20 mm and then calcinated by heating at 400°C 
for 2 hr in a nitrogen gas flow. Further, comparative catalyst 1 comprising fluorochromium oxide was prepared by fluor- 

40 ination in contact with a mixed gas of hydrogen fluoride and nitrogen at 200°C to 360°C for 2 hr. 

[0124] As for the valence number of the Cr in the catalyst obtained, the value by composition analysis was +4.18 
and the value determined from the magnetic susceptibility was +4.2. In addition, this catalyst was confirmed to be amor- 
phous from the XRD measurement. The SSA of this comparative catalyst was 111.3 rrr^/g. 

45 Comparative Catalyst 2 

[0125] Comparative catalyst 2 was obtained according to the flowchart shown in Fig. 3. 

[0126] First, 1.14 kg of 10% ammonium hydroxide was dropped into 7.65 kg of 5.7% aqueous chromium nitrate 
solution while stirring, and the resulting precipitate of chromium hydroxide was obtained. Next, after filtrating this fol- 

so lowed by washing with pure water, the solid chromium hydroxide obtained by drying a part of the filtrate in air at 1 20°C 
for 12 hr was ground up to not more than 0.2 mm in particle size, thus obtaining powdered chromium hydroxide. 
[0127] This was charged into a reaction tube made from Hastelloy C with an inside diameter of 20 mm, and the first 
calcination was conducted by raising the temperature from room temperature up to 550°C and by maintaining the tem- 
perature not below 550°C for 2 hr in a nitrogen gas flow. 

55 [0128] Thereafter, the green-colored Cr 2 0 3 powder was obtained on lowering the temperature. Subsequently, a 
mixed powder with 2 wt% graphite added was molded under compression into a cylindrical shape 3 mm in diameter and 

3 mm in height using a commercially-available tableting machine. These were charged into a reaction tube made from 
Hastelloy C, 20 mm in inside diameter, then the second calcination was conducted by heating at 400°C for 2 hr in a 



13 



NSDOCID: <EP. 



.1038858A1_L> 



EP1 038 858 A1 



10 



is 



20 



25 



30 



35 



" itr ? 9 !! 1 fl0W ' FUrther " thS COmpara,ive 2 composing f luorochromium oxide was prepared by fluorination in 

contact with a mixed gas of hydrogen fluoride and nitrogen at 200"C to 360°C for 2 hr. 

[0129] As for the valence number of the Cr in the catalyst obtained, the value by composition analysis was +2 95 
and the value determined from the magnetic susceptibility was +3.02. In addition, this catalyst was confirmed to show 
crys a Unity from the result that all diffraction peaks obtained by the XRD measurement are assigned on the basis of the 
crystal structure of Cr 2 0 3 . The SSA of this comparative catalyst 2 was 10.4 nrVg. * 

Comparative Catalyst 3 

[0130] Comparative catalyst 3 was obtained according to the flowchart shown in Fig 3 

[0131] First, 1 .14 kg of 10% ammonium hydroxide was dropped into 7.65 kg of 5.7% aqueous chromium nitrate 
solution wh.le stmng, and the resulting precipitate of chromium hydroxide was obtained. Next, after filtrating this fol- 
fowed by washmg with pure water, the solid chromium hydroxide obtained by drying a part of the filtrate in air at 1 20°C 

Jo, wa i. 9round UD t0 not more 0 2 mm in Partcle size, thus obtaining powdered chromium hydroxide 
[0132] This was charged into a reaction tube made from Hastelloy C with an inside diameter of 20 mm and the first 
calcination was conducted by raising the temperature from room temperature up to 550°C and by maintaining the tem- 
perature at not less than 550°C for 2 hr in a nitrogen gas flow. Thereafter, the green-colored Cr 2 0 3 powder was 
obtained on lowering the temperature. 

[0133] Next. 45.2 g of this powder was immersed in a 30 mL aqueous solution of 5.16g of InfNO,), -SHoO then 
allowed to stand for 1 2 hr. and dried to remove the water again. 

[01 34] Subsequently, after grinding this again, a mixed powder with 2 wt% graphite added was molded under com- 
pression into a cylindrical shape 3 mm in diameter and 3 mm in height using a commercially-available tableting 
mach.ne. These were charged into a reaction tube made from Hastelloy C, 20 mm in inside diameter, and the second 
calc.nat.on was conducted by heating at 400°C for 2 hr in a nitrogen gasflow. Further, comparative catalyst 3 compris- 
ing chromium hydroxide containing indium was prepared by fluorination in contact with a mixed gas of hydrogen fluoride 
and nitrogen at 200°C to 360°C for 2 hr: w 
[0135] As for the valence number of Cr in the catalyst obtained, the value by composition analysis was +2 97 and 
he value determined from the magnetic susceptibility was +3.04. In addition, this catalyst was confirmed to show crys- 
tall.nrty from the result that all diffraction peaks obtained by the XRD measurement are assigned on the basis of toe 
crystal structure of Cr 2 0 3 . The SSA of this comparative catalyst 3 was 9.5 iWVg 

[01 36] Next, catalysts 1 to 8 and comparative catalysts 1 to 3 obtained by the above methods were powdered by 
gr.rid.ng man agate mortar, then the crystallinity and crystalline structure of each catalyst were investigated by the X- 
ray diffraction method under the following measurement conditions, and the measurement results are shown in the fol- 
lowing Table A: 

Diffractometer: Rjgaku Denki Co., Ltd., RAD-RA type diffractometer (XRD) 

X-ray: CuKa -ray, and 

Output power: 40 kV x 100 mA. 



40 



45 



50 



55 



Table A 



Catalyst 


Result of XRD 


Crystallinity and Crystal Structure 


Catalyst 1 


Fig.4 


Amorphous [two diffraction peaks are observed, but assigned to car- 
bon (graphite)] 


Catalyst 2 


Fig. 5 


Amorphous [two diffraction peaks are observed, but assigned to car- 
bon (graphite)] 


Catalyst 3 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 


Catalyst 4 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 


Catalyst 5 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 


Catalyst 6 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 
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Table A (continued) 





Catalyst 


Result off XRD 


Crystallinity and Crystal Structure 


5 


Catalvst 7 
Catalyst 8 




Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 

Amorphous [no illustration: two diffraction peaks are observed, but 
assigned to carbon (graphite)] 




Comparative Catalyst 1 


Fig 6 


Amorphous [two diffraction peaks are assigned to carbon (graphite)] 


10 


Comparative Catalyst 2 


Fig 7 


Cr 2 0 3 (all peaks are assigned to Cr 2 C>3 except diffraction peaks of car- 
bon) 




Comparative Catalyst 3 


Fig 8 


Cr 2 0 3 (all peaks are assigned to Cr 2 0 3 except diffraction peaks of car- 
bon) 



15 

[0137] The abscissas of Fig. 4 to Fig. 8 show the incident angle 20 of the X-rays and the vertical axes show the 
count rate (cps: counts per second). The diffraction peaks which the incident angle 28 of the X-rays was revealed both 
at 26° to 27° and similarly at 55° to 56° are assigned to carbon (graphite) used for molding. 



20 Preparation of Pentaf luoroethane 

[0138] Pentaf luoroethane was prepared using catalysts 1 to 8 and comparative catalysts 1 to 3 obtained. 
(Examples 1 to 8) 

25 

[0139] Using catalysts 1 to 8 obtained in said catalyst preparation, the gas phase fluorination of 1 , 1-dichloro-2, 2, 
2-trif luoroethane (HCFC-123) by HF was conducted under the following reaction conditions. 

Reaction conditions: 

30 

[0140] 

Catalyst: catalysts 1 to 8, 

Catalyst amount: 9.2 g (uniform particle size between 300 and 1000 urn by grinding each pellet catalyst), 
35 Reaction tube: Hastelloy C, 15 mm inside diameter, 

Reaction gas (flow amount): HCFC-123 (48 NmL/min), HF (192 NmL/min), 
Reaction temperature: given in Table 3, and 
Reaction pressure: atmospheric. 

40 [0141] After performing fluorination of HCFC-123 under the above reaction conditions, the gas obtained in the reac- 
tor outlet was washed, dried, and thereafter the composition of the organic substances was determined by gas chro- 
matography analysis. 

[0142] The results obtained are shown in the following Table 3. Here, "1 1 X* in the Table illustrates the total concen- 
tration of CFC-112, CFC-112a, CFC-113, CFC-113a, CFC-114, CFC-114a and CFC-115 (hereinafter referred to as 
45 chlorofluoroethanes). 

[0143] Further, the ratio of the pentaf luorochioroethane (CFC-1 15) concentration to the pentaf luoroethane (HFC- 
1 25) concentration and the ratio of the chlorof luoroethane (1 1 X) concentration to the pentaf luoroethane concentration 
as shown in Table shall be hereinafter referred to as [1 15/125] and [1 1X/125], respectively. 

50 



55 
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Table 3A 





Example 


1 


2 


3 


4 


Catalyst 


Catalytt I 


Catalyse 2 


Catalyat 3 


Catalyst 4 


Re 
Tei 


action 
nperature ) 


302 


305 


302 


306 


Organic Substance Composition (Molar %) 


HPC-125 


11.1 


11.9 


12.2 


11.8 


HCPC-124 


47.0 


46.6 


46.7 


46.8 


HCPC-123 


41.8 


41.4 


' 40.9 


41.3 


CFC-115 


0.002 


0.003 


0.006 


0.002 


11X 


0.02 


0.03 


0.05 


0.04 


Others 


0.07 


0.11 


0.13 


0.09 


[1 15/125] O) 


0.018 


0.025 


0.049 


0.017 


[HV12510D 


0.18 


0.25 


0.41 


0. 34 
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Table 3B 



5 






Example 


10 






5 


6 


7 


8 


15 


Catalyst 


_ . . r- 

Catalyst 5 


Catalystb 


Catalyat7 


CatalyatQ 


20 


Reaction 
Temperature ) 


301 


303 


300 


302 


u 


HFC-125 


12.4 


12.4 


11.9 


12.0 


25 


i * 

O 

ac 

w 

C 
o 


HCFC-124 


46.7 


46.5 


46.8 


46.7 


30 


impositii 


HCFC-123 


40.8 


40.9 


41.2 


41.2 


35 


tance Cc 


CFC-115 


0.004 


0. 004 


0. 002 


0.002 


40 


lie Subs 


11X 


0.03 


0.06 


0.015 


0. 03 




Orgai 


Others 


0.09 


0..12 


0.06 


0.08 


45 


[115/125] CO 


0.032 


0.032 


0.017 


0.017 


50 


[11X/12530) 


0. 24 


J 0. 48 


0. 13 


0.25 



55 
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< Comparative Examples 1 to 3 > 



[0144] Using the catalysts of said comparative catalysts 1 to 3. the fluorination reaction of HCFC-123 
ducted in reaction conditions similar to Examples 1 to 8. The results are shown in the following Table 4. 



Table 4 





Comparativi 
Example 1 


i Comparatlv* 
Example 2 


* Comparative 
ExamDlA i 


Catalyst 


Comparative 
Catalyst 1 


s Comparative 
Catalyst 2 


> Comparative 
Catalyst 3 


Re 
Ter 


action 
nperature ) 


300 


334 


340 


Organic Substance Composition ( Molar * ) 


HFC-125 


12.1 


12.0 


11.9 


HCFC-124 


46.4 


46.6 


40.4 


HCFC-123 


41.0 


40.6 


41.0 


CFC-115 


0. 031 


0. 055 


0. 043 


11X 


0.21 


0. 34 


0. 29 


Others 


0.34 


0.49 


0.41 


[115/12530) 


0.26 


0.46 


0. 36 


[11X/125JO) 


1.74 


2. 83 


2.44 
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< Examples 9 to 1 1 > 

[0145] Using catalysts 1 , 4 and 5, the gas phase f luorination reaction of 2-chloro-1 ,1 ,1 ,2-tetrafluoroethane (HCFC- 
124) by HF was conducted in the following conditions. 

5 

Reaction conditions: 
[0146] 

w Catalyst: catalysts 1 , 4 and 5, 

Catalyst amount: 18.5 g (uniform particle size between 300 and 1000 \im by grinding each pellet catalyst), 

Reaction tube: Hastelloy C, 15 mm inside diameter, 

Reaction gas (flow amount): HCFC-124 (55 NmL/min), HF (1 10 NmL/min), 

Reaction temperature: described in Table 5, and 
75 Reaction pressure: atmospheric. 

[0147] After performing f luorination of HCFC-1 24 under the above reaction conditions, the gas obtained in the reac- 
tor outlet was washed, dried; thereafter, the composition of the organic substances was determined by gas chromatog- 
raphy analysis. The measurement results are shown in the following Table 5. 



25 
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Table 5 





Example 9 


> Example 10 


Example 11 


Catalyst 


Catalyst] 


Catalyst 4 


Catalyst 5 


Re 
Tei 


action 
nperature ) 


318 


319 


316 


Organic Substance Composition ( Molar t ) 


HFC-125 


66.4 


65.2 


66.8 


HCFC-124 


21.2 


23.9 


20.8 


HCFC-123 


12.2 


10.7 


12.2 


CFC-115 


0.022 


0.015 


0. 033 


11X 


0. 052 


0.081 


0.071 


Others 


0.13 


0.14 


0.11 


[1 15/125] (X) \ 


0.03 


0.02 


0.05 


U1X/1253CD 


0.08 


0.12 


0.11 
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( Comparative Examples 4 to 6) 



KlfLi^f 1 ™ m ^ ra « v * ****** 1 10 3« the fluorination reaction of HCFC-124 was conducted in reaction condi- 
tions s.mi!ar to Examples 9, 10 and 1 1 . The results are shown in the following Table 6. 
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Table 6 



t 


Comparative 
Example 4- 


Comparative < 
Example S 


Comparative 
Example 6 


c 

Catalyat 


lomparatlve 
Catalyst t 


Comparative 
Catalyst 2 


Comparative 
Catalyst 3 


Reaction 
Temperature ) 


315 


355 


359 


Organic Substance Composition ( Molar % •') 


HFC-125 


66.7 


67.3 


67.0 


HCPC-124 


19.8 


21.2 


22.3 


HCFC-123 


12.8 


9.5 


8.9 


CFC-115 


0.110 


0.210 


0.220 


11X 


0.25 


0.72 


I 0.68 


Others 


0. 39 


1.28 


1.12 


[115/12510D 


0.16 


0.31 


0. 33 


[11V1251CO 


0.37 


1.07 


1.01 



[0149] In the cases of Examples 1 to 8 using catalysts 1 to 8 in tables 3 and 4 and using HCFC-123 as a starting 
55 gas, the amount of HCFC-124 produced which can be recycled is rich. On the contrary, both the amount of CFC-1 15 
produced which is difficult to separate from the objective pentafluoroethane, and the amount of 1 1X produced which 
cannot be recycled and is highly loading on the environment, are less than Comparative Examples 1 to 3. In addition, 
these Examples have no signif icant difference between the amounts of the objective produced and are extremely useful 
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methods of preparing pentafluoroethane in the industry. 

EL * MS ° Examp,es ^; 10 and 11 usin 9 HCFC-124 as the starting gas in Tables 5 and 6 are extremely useful 
methods of prepanng pentafluoroethane in the industry similar to the cases described above. exireme, y useful 



s < Comparative Examples 7 and 8 ) 



w 



75 



20 



25 



30 



35 



40 



45 



1 * . He If in L in u h u Same re3Cti0n conditions ( 300 ° c ) Comparative Example 1 , the results [low major reactivity 

an HF^ and the * the chro ™" * " <*» amLtsT^S 

and HFC-125 p oduced)] are shown when using comparative catalyst 2 [Cr 2 0 3 (crystalline)], and when using compar- 
at.ve catalyst 3 [Cr 2 0 3 (crystalline) with an added metal element (In)] en using compar 

[ °I 52 l ^Tu 1 ^ 6XCePt for the 3 °°° C for the reaction tem Perature, the fluorination reaction of HCFC-123 was ear- 
ned out under the same condrfons as Comparative Examples 2 and 3. The results are shown in iheSSS?. 
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Table 1 





Comparative 
Example *7 


Comparative 
Example ft 


Catalyst 


Comparative 
Catalysts 


Comparative 
Catalyst3 


Reaction * 
Temperature ) 


300 


300 


Organic Substance Composition ( Molar % ) 


HPC-125 


0.30 


0.16 


HCPC-124 


14.5 


10.8 


HCFC-123 


85.1 


88.7 


CFC-U5 


0. 002 


0.001 


11X 


0. 069 


0.041 


Others 


0.03 


0.03 


[115/1253CO 


0.67 


0.63 


[11X/125JO) 


23.0 


25.6 



[0153] Namely, it is understood that, from the above results under the same conditions of uniform temperature, by 
55 using catalysts (crystalline property) having a chromium valence of +3, with or without added metals, the generation 
activity of the objective HFC- 125 seriously deteriorates, compared with Comparative Example 1, and in addition the 
concentration of chlorofluoroethanes to HFC-125 rises. This demonstrates the superiority of amorphous chromium cat- 
alysts with high valences. 
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(Examples 12-14) 



[0154] The Examples show results under conditions of higher temperature [the advantage (decrease of concent 
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Table 8 



5 






Examplel! 


Example li 


Example 14- 


10 


Catalyst 


Catalystl 


Catalyst2 


• 

Catalyst T 




Reaction 








15 


Temperature ) 


350 


350 


350 




rfp 


HFC-125 


67.1 


66.9 


67.1 


20 


M 












cd 

r-l 

o 












X. 


HCFC-124 


14.8 


14.9 


14.8 


25 


c 
o 










4J 












•H 

CO 

O 


IICFC-123 


17.0 


16.9 


17.0 




CU 
B 










30 


O 
U 












« 

u 
c 


CFC-115 


0.11 


0.17 


0.12 




«J 

4-» 












0) 
.O 










35 


9 
W 

o 

C 


11X 


0.28 


0.33 


0.26 




id 
cn 










40 


M 
O 


Others 


0. 81 


0.98 


0. 86 




[U5/1251G0 


0.16 


0.25 


0.18 


45 














IUV1251GO 


0. 42 


0. 49 


0.39 



50 



[0156] From the above results, it is understood that the amount of HFC-125 produced increases by setting a higher 
55 temperature, and in addition the concentration of chlorofluoroethanes to HFC-125 rises, compared with examples using 
a lower temperature. 
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(Example 15 > 



TO 



J5 



20 



25 



30 



35 



[0157] Herein, the Example shows the case in which the organic substances obtained from a reactor are recycled 
(the preparation process of HFC-1 25 using the present inventive catalysts). 

[01 1 58] The present Example is illustrated based on the process flowchart illustrated in Fig. 9 as follows First 45 ko 
of fbor.nat.on catalyst 1 was charged into reactor 1 for gas phase fluorination. then HCFC-123 was supplied to this 
reactor 1 from material container 2 at a flow amount of 49 mol/hr followed by supplying anhydrous HF from material con- 
tainer 3 at a flow amount of 102 mol/hr. Further, the fluorination reaction in reactor 1 was set at a temperature of 324°C 
at a pressure of 3.2 kg/cnr. 

[0159] Next the reaction mixture which comes out of reactor 1 was introduced into partial condenser (heat 
exchanger) 4, then partially condensed into a non-condensate and a condensate at a temperature of -20»C under a 
pressure of 3.1 kg/cm . The non-condensate mainly containing HFC-125 was recovered as the objective HFC-125 after 
being .purified in a purification process through pipe 5. The condensate is sent into separating tank 6 and separated into 
a liquid containing mainly HF and a liquid containing mainly HCFC-123 and HCFC-124. The liquid containing mainlv HF 

^SE^SF 10 reaCt ° r 1 38 the Star1in9 material thr0ugh pipes 7 and 8 - ™ 6 containing mainly HCFC-123 
kg/cm* UCSd int ° distillation c 01 " 1 ™ 10 through pipe 9 followed by being distilled at a pressure of 7.2 

E°L J^T^ in diSt " lati0n COlUm " 10 and in condenser 1 2 l0C£ «ed at the top portion contains mainly 
HFC- 25. For the purification process, the non-condensate was sent through pipe 13 with the non-condensate from the 

o C ° 6r d f cr,bed above and P** to 9 iv ® *e objective HFC-125. The HCFC-124 accompanying the 
HFC-125 was returned again into distillation column 10. 

[0161] The circulation substances in distillation column 10 through pipe 14 and the bottom components through 
pipe 15 as well as the liquid containing mainly HF. which was separated in separating tank 6. were supplied to reactor 

HCFc"? SsTnd HF ^ * ** ** ** ,luorination reaction togetfier new| y added 

[0162] By continuing the above operation for 60 hr. the composition of each component became almost constant 
The composition (flow amount: mol/hr) of each of the recovery substances (components from pipes 5 and 13) and of 
the recyd.ng components (components from pipes 7. 14 and 15) in this step are shown in the following Table 9 



Table 9 





HFC-125 


HCFC-124 


CFC-114a 


HCFC-123 


CFC-115 


HF 


HC! 


Recovery Substance 


49 


20 






0.11 


4 


98 


Recycling Component 


6 


134 


0.35 


88 




671 





[0163 L ft? C ' ear fr ° m 3bwe reeuH * ** rati0 * CFC " 1 15 in HFC - 125 in toe recovery substances drawn from 
pipes 5 and 13 was about 0.22% and was quite small without the side cut (refer to Comparative Example 10 described 
40 later). 
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(Comparative Example 9) 

i^t* 1 , Her t e ! n ' ll 6 Comparative Zxanf** is illustrated using a chromium oxide catalyst (amorphous) without the 
addition of metals when recycling the organic substances obtained from the reactor 

!?!2L * 1?k ^'y 81 1 into r eactor 1. HFC-125 was prepared similarly according to Example 

InS J JI ,empera,ure was 320 " c - Simila "y aocoraing to Example 15. the composition (flow amount: 
moMiOof each of the recovery substances (components from pipes 5 and 13) and of the recycling components (com- 
ponents from pipes 7, Hand 15) after 60 hr from the stert of the reaction are shown in the following Table 10 



Table 10 





HFC-125 


HCFC-124 


CFC-114a 


HCFC-123 


CFC-115 


HF 


HCI 


Recovery Substance 


49 


20 






0.6 


4 


98 


Recycling Component 


6 


130 


1.8 


88 




671 
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[0166] From the above results, the ratio of CFC-1 1 5 in HFC-1 25 in the recovery substances drawn from pipes 5 and 
13 was about 1 .22% and increased markedly, compared with that of Example 15. 

< Comparative Example 10) 

5 

[0167] Herein, the preparation process of HFC-1 25 is illustrated when using the side cut in recycling. 
[01 68] HFC-1 25 was similarly prepared according to Comparative Example 9 except for the side cut of the compo- 
nent of the high concentration of CFC-1 14a in the middle of distillation column 10 out of the system through pipe 11. 
Similarly according to Example 15, the composition (flow amount: mol/hr) of each of the recovery substances (compo- 
te nents from pipes 5 and 13), the recycling components (components from pipes 7, 14 and 15) and the side cut compo- 
nent (components from pipe 11) from the distillation column after 60 hr from the start of the reaction are shown in the 
following Table 11. 



Table 11 





HFC-1 25 


HCFC-124 


CFC-1 14a 


HCFC-123 


CFC-1 15 


HF 


HCI 


Recovery Substance 


40 


20 






0.1 


4 


98 


Recycling Component 


6 


129 


0.3 


90 




671 




Removal Component 




0.5 


0.5 


1.5 









[01 69] From the above results, the ratio of CFC-1 1 5 in HFC-1 25 in the recovery substances drawn from pipes 5 and 
1 3 was about 0.2%. Accordingly, a similar effect as in Example 1 5 was obtained for the purity of the product (HFC-1 25). 
25 However, the loss amount including CFC-1 15 was 2.6 mol/hr, an amount about 24 times that in Example 15 (0.1 
mol/hr). 

< Comparative Examples 1 1 and 12 > 

30 [0170] Herein, it is shown that the effect of decreasing the impure substances by adding metal elements to Cr 2 0 3 
(chromium valence: +3) is low, compared with the case of adding metals to the high valence chromium oxide in which 
the chromium is amorphous. 

Comparative CatQlyst 4 

35 

[01 71 ] Comparative catalyst 4 was prepared accordi ng to the same preparation method as for comparative catalyst 
3 except for using 5.82 g of Ga(N0 3 ) 3 • 8H 2 0 instead of 5.1 6g of ln(N 0 3 ) 3 ■ 3H 2 0. As for the valence of the catalyst 
obtained, the value from the composition analysis is +3.00 and the value determined from the magnetic susceptibility 
is +3.05. All the XRD diffraction peaks, shown in Fig. 10, were assigned to the crystal structure of Cr 2 0 3 . 

40 

Comparative Catalyst 5 

[01 72] Comparative catalyst 5 was prepared according to the same preparation method as for comparative catalyst 
3 except for using 4.23 g of Ni(NQ 3 ) 2 • 6H 2 0 instead of 5.16 g of In (N 0 3 ) 3 • 3H 2 0. As for the valence of the catalyst 
45 obtained, the value from the composition analysis is +2.98 and the value determined from the magnetic susceptibility 
is +3.03. All the XRD diffraction peaks as, shown in Fig. 1 1 , were assigned to the crystal structure of Cr 2 0 3 . 
[0173] Using comparative catalysts 4 and 5, the fluorination reaction of HCFC-123 was conducted with the same 
reaction conditions as in Examples 1 to 8 (except for the reaction temperature). The results are shown in the following 
Table 12. 
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Table 12 

5 





Comparative 
Example 11 


Comparative 
Example 12 


Catalyst 


Comparative 
Catalyst 4 


Comparative 
Catalyst £ 


Re, 
Tes 


action ' 
nperature ) 


343 


344 


Organic Substance Composition ( Molar % ) 


HFC-125 


11.7 


11.8 


HCFC-124 


46.5 


46.3 


HCFC-123 


41.1 


41.1 


CFC-115 


0.050 


0.057 


11X 


0.33 


0.37 


Others 


0.37 


0. 43 


1115/12510) 


0.43 


0.48 


111X/125JO) 


2.82 


3.14 
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ElmL 7 1„h « p T V Com P arabve Exam P ,es 2 ^ 3, Comparative Examples 5 and 6. Comparative 
Examples 7 andj or Compare Examples 1 1 and 12. it is understood that the effect of decreasing the CFCsfe smaS 
n the case of adding metals to crystalline catalysts of chromium with a valence of +3 

Lfc 5 J 25 JSZaLT^ * EXamP ! e 1 10 * iS alS ° ° bvi0US ^ a marked decrease in Cp Cs ooncentration to 
HFC-125 is obtained by carrymg metals on amorphous catalysts where the chromium valence is about +4 
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[0176] Namely, as shown in the following Table 13. comparing the case of adding various metal elements to the 
chromium catalysts with a chromium valence of +3 with the case of not adding them, the decreased ratios of [CFC- 
115/HFC-125] and [11X/HFC-125] were 21% and 13%, respectively, at best, even if the metal elements were added. 
By adding metals, the ratios of [CFC-1 15/HFC-125] and [1 1X/HFC-125] occasionally increased. 
[0177] On the other hand, when comparing the case of adding metal elements to the amorphous chromium cata- 
lysts with a chromium valence of +4 with the case of not adding them, the former case shows that the decreased ratios 
of [CFC-1 1 5/HFC-125] and [1 1 X/HFC-1 25] reached 93% (at least 90%) and 90% (at least 80%), respectively, at best. 



10 



Table 13 





Added 
metal 


corres- 


[CFC-1 15/1IFC-125] 


[11X/HFC-125] 


Crystalline Catalyst 




Comparative 
Example 2 


0. 4696 


2.8396 


I n 


Comparative 
example 3 


0.369* (-2156) 


2. 4496 (-1396) 


Ga 


Comparative 
Example %\ 


0.439* (-6.596) 


2.8296 (-0.396) 


N i 


Comparative 
Example |2 


0.4896 (M.396) 


3. 1496 (+1196) 


Amorphous Catalyst 




Comparative 
Example 1 


0. 2696 


1.7496 


I n 


Example 1 


0.02896 (-9396) 


0. 1896 (-9096) 


Ga 


Example 2 


0. 02596 (-9096) 


0. 2596 (-8696) 


Ni 


Example 4 


0. 01796 (-9396) 


0. 3496 (-8096) 



50 



55 



* The values in parentheses show the decreased ratios of 
ICFC-115/HFC-125] and [ 1 1X/HFC- 125 ] . compared with the 
cases of catalysts without added metals. 
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Claims 



10 



15 3. 



A method of preparing pentafluoroethane wherein chlorine-containing carbon compounds are fluorinated in the 
presence of chromium catalysts that are in an amorphous state and wherein the main component is chromium 
compounds with the addition of at least one metal element selected from the group composed of indium, gallium 
coba it nickel, zinc and aluminum and the average valence of the chromium in said chromium compounds is not 
less than +3.5 but not more than +5.0. 

A method of preparing pentafluoroethane as claimed in claim 1 wherein at least one of the chlorine-containing car- 
bon compounds selected from the group composed of perchloroethylene. 1. 1-dichloro-2, 2, 2-trifluoroethane and 
1 -chloro-1 . 2. 2, 2-tetrafluoroethane is fluorinated by hydrogen fluoride. 

A method of preparing pentafluoroethane as claimed in claim 2 wherein the ratio of the total yield of chlorofluor- 
oethane by-products to the yield of pentafluoroethane obtained is controlled to not more than 0.5% when fluorinat- 
ing 1,1-d.chloro-2,2.2-trifluoroethane as said chlorine-containing carbon compound in the presence of said 
chromium catalyst, and the ratio of the total yield of chlorofluoroethane by-products to the yield of pentafluor- 
oettiane obtained is controlled to not more than 0.3% when fluorinating 1-chloro-1.2,2.2-te1rafluoroethane as said 
20 chlorine-containing carbon compound in the presence of said chromium catalyst 

4. A method of preparing pentafluoroethane as claimed in claim 1 wherein said chromium compounds are at least one 
species selected from the group composed of chromium oxide, chromium fluoride, f luorochromium oxide and chlo- 
rof luorochromium oxide. 

A method of preparing pentafluoroethane as claimed in claim 4 wherein said chromium catalysts are fluorinated 
before said chromium catalysts are submitted to the f luorination reaction of said chlorine-containing carbon com- 
pounds and the specific surface area after said fluorination is controlled within 25 nfVg to 130 m 2 /g. 

A method of preparing pentafluoroethane as claimed in claim 1 wherein said chromium catalysts in an amorphous 
state are formed by calcination of said chromium catalysis in an atmosphere of inert gas. 

7 " ^!f! d f! P^ 3 ^ Pentafluoroethane as claimed in claim 6 wherein said calcination is conducted at 380°C to 
41 0°C for 0.5 hr to 3.5 hr. 

8. A method of preparing pentafluoroethane as claimed in claim 6 wherein said calcination is conducted after immers- 
!? 9 J^°T m ^ droxide in an aqueous so'"* 0 " °f said metal elements followed by drying or said calcination is con- 
ducted after obtaining chromium hydroxide containing said metal elements by coprecipitation from an aqueous 
solution dissolving said metal elements and chromium followed by drying. 

9. A method of preparing pentafluoroethane as claimed in claim 1 wherein at least one element selected from the 
group composed of cadmium, magnesium and titanium having an improving effect on reactivity or selectivity is 
added to said chromium catalysts. 

10. A method of preparing pentafluoroethane as claimed in claim 2 wherein a part or all of the generating products are 
returned to the reaction system or led to another reaction system in which fluorination is conducted by hydrogen 
fluoride using catalysts as claimed in claim 1 when fluorinating said chlorine-containing carbon compounds using 
hydrogen fluoride. * 
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A method of preparing pentafluoroethane as claimed in claim 10 wherein separating a mixture containing pen- 
tafluoroethane and hydrogen chloride from said products, the residual products are returned to said reaction sys- 
tern or are led to said another reaction system. y 



55 



12. Chromium catalysts for fluorination in an amorphous state wherein chromium compounds with at least one metal 
element added selected from the group composed of indium, gallium, cobalt, nickel, zinc and aluminum are con- 
tained as the mam component, and average valence of the chromium in said chromium compounds is not less than 
+3.5 but not more than +5.0. k 
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13. A catalysts for fluorination as claimed in claim 12 wherein said chromium compounds are at least one compound 
selected from the group composed of chromium oxide, chromium fluoride, f luorochromium oxide and chlorof luoro- 
chromium oxide. 

14. A catalysts for fluorination as claimed in claim 13 which is fluorinated and for which the specific surface area after 
fluorination is within 25 m 2 /g * 130 rrr^/g. 

15. A catalysts for fluorination as claimed in claim 12 in which at least one element selected from the group composed 
of cadmium, magnesium and titanium having an improving effect on reactivity or selectivity is added. 



10 



25 



1 6. A method of preparing catalysts for fluorination when the chromium catalysts in an amorphous state for fluorination 
are prepared and the main component of said chromium catalysts is chromium compounds with the addition of at 
least one metal element selected from the group composed of indium, gallium, cobalt, nickel, zinc and aluminum 
and the average valence of the chromium in said chromium compounds is not less than +3.5 but not more than 

is +5.0, wherein chromium catalysts in said amorphous state for fluorination are obtained by calcination in an atmos- 
phere of inert gas. 

17. A method of preparing catalysts for fluorination as claimed in claim 16 wherein said calcination is conducted at 
380°C to 410°C for 0.5 hr to 3.5 hr in an atmosphere of inert gas. 

20 

18. A method of preparing catalysts for fluorination as claimed in claim 16 wherein said calcination is conducted after 
immersing chromium hydroxide in an aqueous solution of said metal elements followed by drying or said calcination 
is conducted after obtaining chromium hydroxide containing said metal elements by coprecipitation from an aque- 
ous solution dissolving said metal elements and chromium followed by drying. 

19. A method of preparing catalysts for fluorination as claimed in claim 16 wherein said chromium compounds are at 
least one compound selected from the group composed of chromium oxide, chromium fluoride, fluorochromium 
oxide and chlorofluorochromium oxide. 

30 20. A method of preparing catalysts for fluorination as claimed in claim 1 9 wherein the specific surface area of said cat- 
alysts for fluorination is controlled within 25 m 2 /g to 1 30 m*/g by f luorinating after said calcination. 

21. A method of preparing catalysts for fluorination as claimed in claim 16 wherein at least one element selected from 
the group composed of cadmium, magnesium and titanium having an improving effect on reactivity or selectivity is 
35 added to said catalysts for fluorination. 
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FIG.l 

CATALYST PREPARATION EXAMPLE (CATALYSTS 
IMPREGNATION METHOD) IUIIALYSKj 1-6 . 

(CHROMIUM NITRATE) + (AMMONIUM HYDROXIDE) 

i 

PRECIPITATE OF CHROMIUM HYDROXIDE 
i 

FILTRATION • WASHING WITH WATER 
\ 

DRYING AT 120 1 FOR 2 HR 

I 

GRINDING UP TO NOT MORE THAN 02 mm IN PARTICLE SEE 

i 1 r 1 1 1 1 

ttfNO* Ga(N03)3 OXNO* MQiO* Zn(NO.)* AKNO* 

• 3HjO • 8H2O • 6H2O - 6H2O • 6H2O • 9H2O 

CATALYST 1 CATALYST 2 CATALYST 3 CATALYST 4 CATALYSTS CATALYST 6 
IMMERSED IN EACH AQUEOUS SOLUTION AND ALLOWED TO STAND FOR 12 HR 

I 

DRYING • GRINDING 

i 

GRAPHITE ADDITION 
1 

COMPRESSION MOLDING 
1 

CONTACT IN NITROGEN AT 400 1 FOR 2 HR (CALCINATION) 
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FIG.2 

CATALYST PREPARATION EXAMPLE (CATALYSTS 7 AND 8 : 
COPRECIPITATION METHOD) 

CATALYST 7 CATALYST 8 

(CHROMIUM NITRATE + INDIUM NITRATE) (CHROMIUM NITRATE + NICKEL NITRATE) 
+ + 
(AMMONIUM HYDROXIDE) (AMMONIUM HYDROXIDE) 

I i 

PRECIPITATE OF CHROMIUM HYDROXIDE PRECIPITATE OF CHROMIUM HYDROXIDE 
CONTAINING INDIUM CONTAINING NICKEL 

I , 1 

FILTRATION • WASHING WITH WATER 
I 

DRYING AT 120 "C FOR 2 HR 

I 

GRINDING UP TO NOT MORE THAN 0.2 mm IN PARTICLE SIZE 

I 
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1 

COMPRESSION • MOLDING 
i 

CONTACT IN NITROGEN AT 400*0 FOR 2 HR (CALCINATION) 

i 

CONTACT IN HF GAS + NITROGEN GAS AT 200-360 1 FOR 2 HR 
(FLUORINATION) 

1 

CATALYSTS 7-8 
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FIG.3 

CATALYST PREPARATION EXAMPLE (COMPARATIVE CATALYSTS 1-3) 
(CHROMIUM NITRATE) + (AMMONIUM HYDROXIDE) 
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